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Abstract 
This study investigates the electrical performance of a polymer electrolyte membrane fuel cell (PEMFC) by using the 
two-phase model taking into account the formation of liquid water. Mass transfer resistances from a water flooding 
problem are also considered to analyze the fuel cell performance. The effect of important operating conditions, such 
as temperature and humidity of fuel and air on PEMFC in terms of the distribution of gas composition and the 
electrical characteristics of fuel cell is investigated. The results show that the performance of PEMFC can be 
improved when increasing operating temperatures and fuel and air humidity. Water flooding at the cathode side 
increases with increased current density. The presence of the water flooding causes high concentration loss, 
degrading the PEMFC performance. 
 
© 2014 The Authors. Published by Elsevier Ltd.  
Selection and/or peer-review under responsibility of ICAE 
 
Keywords: Polymer electrolyte membrane fuel cell, Two-phase model, Electrochemical model, Water flooding, Parametric analysis 
1. Introduction 
A polymer electrolyte membrane fuel cell (PEMFC) is regarded as an interesting technology, 
especially for portable electrical devices, e.g., automobile, laptop, and mobile phone, because it can be 
operated at low temperatures and offers low weight and volume and high power density. PEMFC is 
generally characterized by the use of a perfluorosulfonic membrane as an electrolyte. It is well known that 
commercial polymer electrolyte membranes being currently used in PEMFCs should be well-hydrated to 
maintain high proton conductivity.  Generally, a water management in PEMFC is an important issue and 
needs careful attention as excessive  liquid water can cause pore flooding in the electrodes, thus leading to  
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Table 1. Two-phase and electrochemical models of PEMFC [1] 
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a higher mass transfer resistance of reactants. In addition, water can transfer from the anode to the 
cathode due to electro-osmosis. The balance of water is further complicated because water content in the 
membrane and liquid water distribution in the electrode are not uniform. Although water transport 
phenomena have a significant influence on the performance of PEMFC, the researches focusing on the 
water management within PEMFC is still limit. In addition, the results showed that feeding gas 
temperatures have an effect on the cell temperature. Clearly, the cell performance and water management 
issues are closely related and therefore a deeper understanding of detailed phenomena within fuel cell is 
importance for the improvement of cell performance.  
In this study, a mathematical model of PEMFC based on a two-phase flow model under isothermal 
operation is employed to investigate in detail the effect of water flooding and membrane dehydration on 
the electrical characteristics of PEMFC under steady state condition with respect to major cell operating 
parameters, i.e., temperature and humidity of reactant gases. The variation of current density, fuel and 
water fraction and proton conductivity along the cell channel is investigated to study the tendency of 
flooding and dehydration occurring within the fuel cell. In addition, the mass transfer resistance of 
reactants due to water flooding is taken into account to analyze cell performance. The degree of water 
flooding at difference current densities is also explored. 
2. Methodology 
The PEMFC model consisting of mass balances explaining the change in gas composition along the 
fuel and air channels and the electrochemical model, as shown in Table 1, is solved by using an ODE 
solver in Matlab. In this study, the PEMFC is assumed to be operated at a specified voltage value. The 
reliability of the proposed model is verified by comparing the model results with data reported by Liu et 
al. [2] at the same conditions as shown in Fig. 1 and found that the proposed model can predict the cell 
characteristics very well. 
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Fig. 1. Validation of the PEMFC model 
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Fig. 2. (a) Water mole fraction at the cathode and (b) membrane conductivity along the cell channel at different operating 
temperatures  
3. Results and discussion 
A performance analysis of PEMFC using the two-phase model is performed under isothermal and 
steady state conditions. The influence of operating temperatures on the distribution of current density, 
mole fraction of hydrogen, oxygen, water, and membrane conductivity along the flow channel of PEMFC 
operated at the voltage of 0.7 V is studied. It is found that higher current density is generated when the 
cell is operated at higher temperatures. However, an increase in operating temperatures has a slight effect 
on the variation in hydrogen, oxygen and water. Since more water vapor transports through the membrane 
to the cathode side by the electro osmosis drag force and some liquid water produced from 
electrochemical reactions at the cathode vaporizes, the fraction of water vapor at the cathode increases 
(Fig. 2(a)). Due to a decrease in the water content of the membrane, the membrane ionic conductivity 
decreases along the flow channel as shown in Fig. 2(b). It also shows that the operating temperature has a 
significant influence on the membrane ionic conductivity. The proton conductivity increases with 
increasing cell temperatures and thus, the ohmic loss tends to reduce with respect to this parameter. In 
addition, an increase in the humidity of the fuel gas leads to a significant improvement of cell 
performance. As the increased gas humidity causes more vapor water in the fuel, the membrane 
conductivity is increased and thus reducing the ohmic loss. Dry fuel gas leads to the dehydration of the 
membrane, so the cell performance is decreased rapidly. Although the dry air consists of high content of 
oxygen which can promote the electrochemical reaction, less water vapor in the air channel causes the 
membrane dehydrated, resulting in high ohmic loss. An increased humidify of inlet air leads to the 
increased membrane conductivity and improved cell performance. Figs. 3(a) and (b) show the effect of 
operating current density on the fraction of water flooding at different operating temperatures and 
pressures, respectively, when PEMFC is fed by humidified fuel and air. The results show that the fraction 
of water flooding, which is defined as the void volume of cathode occupied by liquid water, at the 
cathode  side  increases  with  increasing operating  current density.  At  high current  density, more liquid  
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Fig. 3. Effect of current density on fraction of water flooding at different (a) temperatures and (b) pressures 
 
water is produced and thus the fraction of water flooding increases. Increasing water flooding results in 
lower void fraction in the cathode and less oxygen can diffuse to the catalyst layer. Therefore, high 
concentration loss is observed. It is noted that the water flooding can be decreased by increasing the flow 
rate of inlet air to remove liquid water from cell. In addition, it is found that when PEMFC is operated at 
higher temperatures and pressures, the occurrence of water flooding seems to be reduced. From Fig. 3(a), 
since more water vapor can transfer via membrane to the cathode by the electro-osmosis drag force, the 
vapor pressure at the cathode channel is higher than the saturated vapor pressure at low operating 
temperature. As a consequence, more water vapor at the cathode side is condensed to liquid water and the 
water flooding occurred earlier. Under the studied operating pressure (Fig. 3(b)), the water activity at the 
cathode decreases, resulting in the dehydration of membrane. Moreover, since the saturated vapor 
pressure decreases, more liquid water is vaporized leading to a decreased water flooding.  
4. Conclusions 
Performance analysis of a polymer electrolyte membrane fuel cell (PEMFC) under isothermal 
condition was performed in this study using a two-phase steady-state model. The mass transfer resistance 
of reactants due to water flooding was considered to investigate cell performance. Increasing the humidity 
of the fuel gas and air leads to a significant improvement of cell performance because an increase in high 
water vapor causes the membrane to have more water content and higher gas diffusivity and membrane 
conductivity. Regarding the effect of water flooding at the cathode, the simulation results demonstrated 
that the presence of the water flooding increases with increasing operating current density. At high 
operating current density, more liquid water is produced and thus the fraction of water flooding increases. 
Increasing water flooding results in lower void fraction in the cathode and less oxygen can diffuse to the 
catalyst layer. Therefore, high concentration loss is observed. The investigation of the electrical 
characteristics of PEMFC under the variation in key operating parameters leads to better understanding 
and optimal design of cell performance. 
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